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PROCEDB ET INSTALLATION DE FORAGE ET DE CHEMISAGE DUN 
PUTTS, NOTAMMENT DUN PUTTS DE FORAGE PBTROL1ER, AU 
MOYEN DE TRONCONS TUBULAIRES ABOUTES INITIALEMENT 
SOUPLBS. ET DURCIS IN SITU 

notunment upuits de forage p6HxAcr.an moyen d*un cuctnblede trougons tabulates 
-oupitfonnq.rimiUim.ro^ 

nrcUcMtaet pour toe tattoduta dm le puts, puijatat d^i&araoTalemeivtaom 
5 reflet d'une precsoo interne pour prendre unc forme cylindrique. el enfin a tae 
tip&Mt* auto par pol variation de lew paroi, l*cooombrement transversal d'uae 
preTorme repliee 6ant de dimension miximak srariWeman infcicurc k son dismetre 
intone » d^pli*. el iodik* preTonnes poss&bat one portion d*cxtr£mlt£ dont le 
diemfctrt - apres deplieroent - est Kjtmncnt supexieur k aim dc U prtTonnc, ce qui 
10 perrnet Jeur jooction bootee-bout par embdftemeni, iw lecouvrement de Udite portion 
d*cxfeteh&i 

Aio«, en recouraat a ee type de preTorme. qui est connue en roi 
- nooMuacai per le document WO» A-94/21887 - U art pontile d'obtcmr un chrmimy 
d*un diamfetre constant wot loute U longueur du puts. 
15 A cet <*gar<L U oonrient de rtppeler qe'avec da cheroiiage* (ou tuba***) 

tredinonncU constitues per dee tubes en ader. on est oblijtf d*utiluter dee tronponi 
lubuUi>estaescopiques T aduunetred^oo 
dee problem d'inflailation m d'expioiurion ultaieore du puts. 

L'oejectir de I'inventioo est de proposer un precede* de forage ct de 
20 chemistse du puit*, eXsidede prffocmcs du type meatioane d-desrus, qui puisse fare 
mi» en ocuvre de roanifcre timfie ct rapkie, * fable coOl 

Pour celt, et ooitfocmeuent 1 1 Intention, on rornmmrr par mcttre en 
place unDraroertrooo^ducoticteraUrce du pwtj.Upordoad'exli^^flarpt dece 
tf i!mc^u ^Ifi** f"***"^* w l* fc— - 
25 UprooeWsdeannvea&n 

a) on fait passer arialement. de haut en baa. a travert ledit trooeoo, un 
outil de f era ge, ct on f ore su-des*ous et dim It pcoJoc^emect de oc trooooo un trou de 
fonne etde|>rofoodeuradspttfes pour reeevoir le m»p» euivsiu ; 

b) on retire I'cctil de forage ; 

30 c) on intioduit une prffonne, a l'erat replied k rint&icur du puiti en U 

fsisint travener letroncond^ en places 
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du W»portk»d'etfrfrait< haute vciunt « pUar i Tinifticur de U portico d»cx- 
trfmik* darfiedu troosoo ; 

d) on introduit un dment fluide an food do trou, autour de U portion 
d'extremlt* bra de h preTonne ; 
5 c) on introdirii un flukk sous prewoo, de censta" mpeneure a ta dauM 

du dment, a I'inhMeur de U prfforme alia da la duplies iadiateinenl,|M08reaw«ne«de 
bas en haul, co refoulaat le dment, cgeletneot da bas en haul, autour da la preTonne, 
coeire la paroi da trou; 

I) lout ca msimenint la pitTonne aous pitiaioa interne, oo ea cfeauffc la 
10 p«ripourUpotym&iaer; 

t) k dment ayint prix, el U preTonne ayent duid poor oonstituer tm 
troocoo oibulMrc ripde de cbemisaae. oo retire axisiement let octiiUirs «ymat tervi «n 
gnfls^eiaU|nlymenaati« 

h) oo reltere reparation pour ks iroocoea eulvaoti, jusqu'a obtecir U 
IS lootuenr de puita chants* so u n a i tf V 

Lonque, canine cda sera exptiqutf plus loin, U preTonne preeenle des 
reserves de resiae antes a mierer vers rexterieur pour former des venoos mmwUires 
"d*flajcheHeMc poaitkosement de ccs venous est realise* an de"but de 1* tope f cKdeana. 
Demaniereparu^erenicmavartfaee^ 
20 genratre^apteaocaawielecliven^ 

premier eat tfojcombremeot minimal, ltd pemcttsnf de passer a nmerieordu ironpon 
<Mja ca pUoc, uo ■ecood <UX, d'eocombrrmcot intenaAimrc, pour le forage de U pwtie 
principal* du trou un troisiemo &at, d'eacombrement ma»mil,pccr k fortfe de la 
putiedunoudestineeanwnroirUpor^ 
23 Dwunincdbiforcelbatta 
a to [rfymensation de ta pseTorme. aW 

a double valve piaceeen partfe basse de la preTonne, etapteidiittibuaTseleetiwment na 
noidodeaoiuTs^arinieneurdeta 

Llostsilarion de forage at de caemia aaa. qui fait egakmeat partie de la 
30 prtsenla invention, serves* a Is miae en oeevre de ce procodd, eat rmuraoiMc par k fait 
qu'dle compsend, en tttede puits : 

- une bobine de stockage et de reception, a J'&al enroul*, de ladite 



- one itte surpiombant reatrec du puits, ante a pennefixe le gmdaae et 
I'iatrolucnon.daasle puits, deta 

du poib »imi qu'wi fonflAge et » la rxiyrndrissnoa de U prtfarme ; 



2741907 



3 

• dea bobincs de stocfcajt I real earou!** de tuba m&allique* cTastique- 
meat dtfcnnafatcs aptes I raiir desceudre et ranooter Uadia outilUges dint le puts. Tun 
de ces tubes contenant un dWe servant A ''alimentation de la prffonne co courant 
elcctrique; 

- un generateurde couranl flectrique. 

D'eutres csnctAutique* et * vantages de ''invention epparaftroM de la 
description et de* dessins annexes qui en lepresenient, a simple titre d'exemplea ooo 
Umitatifi un mode de ml*e en ceuvrc prtfert, «in» que I'imtsltation conrspoodantc 

Surest dessins: 

- lea figure* I a4 aootdet vuea acnematiquee, en coupe axule, montrant 
lea difTeftotw ftapce do I'opention de forage de la panic de potts qui doit lecevoir la 
pttforao ; 

-lafigure5esturwvuescbeinatir}ued'u^ 
die est aolidains, event suae en piece, daoa le puits ; 

• lea figures 6 et 7 aont dea vuea parti eUa de fextiemite beesc de la 
prcTorme, destinees a illustrer le ptindpe de la donble valve dont eat pourvue U tens 
(Toaiittage; 

- les figure* 8 1 15 fflwtreot les differences <tape*de raise en place d'uoe 
p^o««anbomd*uotroc^de)aenpUoB; 

- la figure 16 represents achenuUquement, en coupe axial e, un puits 
eternise* per utastroc^cacoaxiauxaboules; 

• la figure 17 cat one vue acheeaadqne moctranl les dirrerents nateneb 
eooaa'tntUs de Pinstslladon. aituct en surface (the de puits) ; 

• lee figure* 18 a 30 • I ecbeUe plus petiie • inmtrent k fcnrttortnrtnenl de 
Tinstallation au cows dea duTereato dapeadncftemisaac. 

La figure 1 represente rextremit* basse d'un puits vertical en cows de 
foemge ctde chomiaxx. Cm puib, incomptetfCKflt fort, comporte un cfanattifw de>a co 
place aout fonne d'un tube cylindrique rigide 2 presentant une portion d'extienute* basse 
20 static. 

Udiametre D de ecu* partte 20 estlegeranent plus grand que kdi«Dctre 
d de U peitie prindpale 2, ai Uea qull eat pm 
trcofoej 2, avec rtccwvremeat dc* pertiea d'exoecaite' 2a 

LctrooccndechfTniTagr2esttcefledm 

que 200. 

Nous alloos ixuuntenant decrire de aueDe raaniere<v»toraUenpUce»i 
l'aidedupfcced6de!Tnvent^ 



2741907 



4 

Pour ceU. comme illustrf tux figure* 1 a 4, on commence par forcr un 
trou destine" 4 reccvoir oc trcocori 

A cet e/Tei on utilise un outU de forage 1, du genre trepan, qui a U 
particularitf de pouvoir etre rttracte' oo dilate* radialcment. dans trod Kats d'eacora- 
5 brcmenlcnTrereais. 

Dans un premier tot. illustrf a la fifum 1. 1'outil est rftracSf au maximum 
de idle manifcre que aa plus grade dimension tiamvwaalc auorise won Ubrc parage a 
Viatinasr du trcooon 2. udalmmt k travers cdoi^i 

Dam cet Am, ton encoinbrement est dene pins petit que dL 
10 De mamec* counoe, Pootil de forage 1 est fix* a rextrtmite" d'une tige 

tnboUirc 10, qui ports In motenr d'entratnement (non reprfaentel de IVnsffl en rotation, et 
leaorpuKaanorantacwd ^ oinnr m 

Comme on le vena plus loin, la tige 10 eat mantes a rextremiaid'uniufac 
meollkme ante a tec ensoule* sw un nunbour recepteur diipotf en wf ace, cn tftc de 
15 puita. 

Dana un second eat de dftpCoiement radial, illustrf I la figure 2, U parte 
ooopante 12de I'ovtii poasede uadUmenede travail ■emblement Cpd ID. 

L'outii ayant ft* deacendu .xialcii^diMkpmti, atraYOT kmb^2 
deja en place, on provoque ce deptoiement radial au mamMm D loraquni est arm* a 
20 riniAisurc^hiportkmelarijm 

vant ndejcemr comme OJostrt par UflecnePi atsQgurc 1. 

On realise ainsJ le forage «run troo cytind^sadiainte D.comdalaa 
hx»cca2.daittteptolcaueemcmdec 

U pcttfocoVur de forage correspond a ta longueur du troncon que Ton 

L'outU 1 poaaMe dea organei de coupe addinonnrtt U qui peuvcot etre 
deploy* nriulancot a un diamHre rupWeur a D, afio de pouvoir reoevoir la portioo 
tingle dn tranoon a roettra m place. 

Comme illustrf a la figure 3. par reraontee da rootU acton Pj. on realise 
30 aiirittneTarsjssensentdntwo3w 

Atafi|^4ooadealf^parUreremioc30 la paroi dcUp^eprincipalc 
dutrou3.parurtferto»31UDar^ 
beam du tioii, tot le cuarnete 

UpitTcjrme4repitaenlesac^^ 
35 a^bemlcmecailedecrimra 
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Ntetmoifis,cU€cst<i£pounwdaM 
gooJUble, da fait qa'on ft affaire ft an irou borgne ; de pta, U prtfoone 4 possfcdc aoe 
portion d*edrfautf basse 40 de section dupe 

La preTormc 4 est nppeftte par one tige tntulaire 5 en ader. enrootatate 
5 lur uo tambour de stockage atua en lurface, et qui pennet de U faire desoeadre a 
rineftkacdtt pultt. Ct de lui fownif lee n aides de c ta entftd on et de gonflay, ainsi que 
I'caerftc tlectriquc poor la polymerisation de U prdfonne, par Hntennidiain d'un 
<fispo«itifdDn«xe*de«erf 
UpreTc»Tr*?eteeraccordam en parte 
10 Cetypede tige d'ackreatodable cat coancaexmdc^ine^dansteraelner 

peiktcrmeaagWi'XXIl^TTmiW-.eflibf^-eT.'--. 

Commc ecu est decrit dans la WO-A-94/21887 deja dte, U rxtferme est 
obemec a sea exli«mh& haulc et bas^ 
bios ctfau deooupab t ea en fin d'opeganon, 
15 La tele dietribntrice 51 possede one doable valve 52, 53, aetioonable 

scfecti vement (depob la surface). 

Commc iliustrf tax figures 6 et 7, la valve 52 pennet de diztribuer on 
flu*fcde r x*Taneal , interkw&^ 

distribuer un dmcof fluide ft U b&dcl*^omt.krtK\*itHr<i*c&t^((Uch*J). 
20 ConuneUuitrf4Ufi|ure8.1ftpteYo^ 

I'dtat ratfialanea: rtptte* - est doceadue daw k tro« 3 p it lr mt n t. du haul vers le bas, a 

trayCTkaT»v»derhfTrifaftT2dejaeopla^ 

BieoeniealD. poor que ced soil possible, 

biemeat tiansveiBal de ImprtTen^ 
25 deptie^o^ccnespcriacd^ 

Io*sque U preYarme est repine iur cDo-tntot, die prt»catc uoe lection co 

"IT ou en rorrae d'eacargot - comma Ulnatrd pax example ami figures 6A et 6B, 

rcapccfrvcnient da docament WO-A-94/25S35 ; torsqu'eUc cat depliee die preseote one 

30 U|**craDft4e»t|»^c*mcec^ 

d'extrfmitf piia large 40 aetrouve en regard de PeUrgjiaenicai de puib^l ; U longueur 
do Hon 3 eat dfterarinae poor que. dans cctte position, la portion ttfpdrknre de la 
pttTormc se nonve en regard de rairiis3an«ot20dutaba^oV^eoriace, 

On procede don il Injection d 'uoe dc« fedmentUo^ 6ft Uba* debt 
35 prtfocn».vUUy»lveS3(fkd>tt J.ngureSO. 

Le ciment eitchoiii pour avoir une densite* voisine - voire Ugerement 
auperieare - de celle de la boue liquide 7 se trouvartdaufepuits. 
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L'arrivce de dment I la base de to pctforme chasm done cene tone vers le 

baut 

Cora me iUustrd I It figure 10, on procMe ensuite an gooflage de la 
prff on n c, ca injectant un fliude sous prcssioo * rioteneur de oelle-d, via U valve 52 
5 (Heches!). 

0 s'sgit coit d'un Uquide introdidt de I'extefieur (depuis to Ifite de puits) 
par k coodcit 5 dam la preYonne, soit d'ea liquidc (can, bouc ou pftrolc) pnSn U dan s le 
puiti ct pompe* dans la prf/brrae. 

Le Uquide degonftage en avantagcusement chessf pour avoir une densite" 
10 ttgemaemauperkrcicdkdu^ 

gooibge va m fiire progrca»veineot du bma vera le haut, commc symbolise* par tea 
fltefaeiGatoflgniBia 

A deTeut, la progression da gonflage do baa vera le haut pent t&vccoMMe 
en prevoyant, le long de la prtfonne, une shie de baguca de contention frangible*, donl 
15 kaeuUderopttre eat adajrt 4 ceaaude progression. 

Le dment eat par consequent refouM egaleroeni de btsca haut coolie to 
\ paroidu puits, commc symbolise par la flecbe H, taadij que la bone 7 se crouve chassee 

venlehaaiL 

De prtfercace le volume de cimeot penpfaeriqne n*eat pas auOiaanr pour 
20 aOeriidretoparticlstiitedBto Uaiaon t a na dment dans 

U tcoc lie jooctian cntro la portions d'extrtoiuf da deux troops 2 ct 4 (voir fiftur 
II). 

De pttTereoce, la prtforme 4 poatede one paid caitsmepolym^riaattea 
cnaod, prise en sandwich enUe une peau inteneure et une peaa exterieure claitiqiaea, et 
25 muaie, oote taterieur, d'uae rfam-e coruenant de la rexine apte a migrer ve» 1 Vxterieur 
pour former de* bounckls anoulaim f&voritant Pannage et reandifiaf dn rubage centre 
Uparoi do puits. 

Une preTonne de co genre at decrite due la demande de brevet fhmcjats 
9408691 depoeee Us 7 juto 1994 per lam 
30 tJooaJc PCT/FR 93/00902. . 

Ce» venous annula'Trs, rtpartia tout le long de la prtfonne aont rtfeienoes 
9 ; da preference U eat prfvu une densite' plus grande de venous (c'est-a~dirc un 
ecarlement |to Islbto eiilre 1m 

maniere a assurer une bonne couchette* dans la Uaiaon bou*-4-bout dea differents 

35 



) 



Le cfcauflage et la polymerisation de to prtforme eont realiaea une foil le 
gonflage tennine. la pension de gonfligr emnt mafnTfrme a I'imerkorde to rntforme. 



■ ■ 
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A titrciwficriCUprcsDon interne est delVrtredclSban. 
Le cbnufrage de la prtforme pcul ae falre «oi( ea iotroduiwit un fluide 
chajidalUiitene\*deUpreY«^ 

de prtTAence - per efTet Joule, an rooyen de resistances flectriques (fill chauffanli) 
djpciAadaia^paicideUpr^ 

aectriquedepttunlte de pails, via Ug>-"C«ledTUHiuj--5. 
Ati'treuxscatu^Ulempereturea 

Lcrsque ta pdymetiialion det ventw 9 e< de to |^ de pitfonna est 
terminee. cc que le cimeat 6 a fait aa prise (figwe 12). oa tetUre l*«»liIUte SOO, 50. 31 
(flecbeK. figure D). 

On Installs alon un ouo't de coope (501) A IVsJrimile' da tube 5, et oo 
dteoupe le msncfaoo d'aencheitf de I 'extremis haute de la prtforme (polymeriaee) 4? 
(figure 14). qa'on arrache ensuito. On cpere de U mesne maaiere poor le i 



Oool)tientaionimtraoscmdec^ 
meat le tubege precedent 2 (voir figure 15). 

L'cpdretion qui vient d'etre decritc est biea sCr rfiteree, troncon apres 
troncon, aftn d«oc«nir la profoodeur de patscfcenikrfswAaMe. 

D«cj tm male de rtslixstkM pebble de U prfforme, ceUc-d • uoe Ime 
compose* ft 30% de itfetae epoxy et a 70% de fibres de ven^ cetie tone aysat «ne 
epeiafeur de r«dre de 14mm ; lea peaux intdricure et extfrienrc. ea caootehboc 
syntbitimje, oat respecdvaaent nae e>liiMde2nunetde«o^enwioiL 

A thee fadleaUf, la portion priadpale de la prtTorme 4 posaede, a I'esat 
,^4^ tai dlametre interior de 

184mm. UndU que Is portion ttupt 40 powede an dumfcUx intericur de I'ordre de 
188mm et un disaetre eateiiear ds rordre de 236mm. 

Lei portions 3032 et 31 du pulei oat dea diameters laoyeusderordmde 
197mm et dc 244,5mm, r«pccbvemeat vatmn BretreavariaHir a 

simpUtitreindicatif.ulon^^ 

La figure 16 represent* uo pints 9 chemise par un ensemble de trois 
tnm^2A,2Bet2Cabc^etdmeates. 

U figure 17 leprfVrttesrtW^quein^ 
qui permet de mettre ea oewre le proceoe seloa I 'iaveaaoo. 

Sia cete figiax^ ttte de puits, rtf ereaofa 
m&allique (chassis) 100 entDunmt latte de pdts. 
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Cede structure 100 pone ua iojecteur 101 pourvu d'uo sabot d'appoj 102. 
«wv»iUiiiJ|3pcrtcr elk paw kadi fTtott tnaliricU k^oqu'jli »m daccodus d*aj 
tepui&ourttireidecertti-ci idkselrouv-eirafaortbdcl'taitx^edMpuiti. 

On ■ d6ngn6 par la reference 54 oa tambour de stockade wr foqud est 
cnnulte U prtfonne ;e!kestiW«l6e|arttnw»^Dooct 

La re* &na 540 dBrignc in sabot de support et * guida$e de U prtforme 
il'entrtedttpuitt. 

Leei*Teftoccs56et57de*igr¥^ 
et flock* mpBcdvcma* la tuba *CT" (Coiled Tubing) 590 et 5 

Lo tube 550 fed ft supporter et ft deplaccr Pouta de forage : le tube 5 
(ccmrec deja <fiQ aert a rupporto la prtforme, ft amcoer l« fluides de fonfli^e et de 
omenlatioo ft U prffcrme, et 4 U coonccter ft uae source de couraat dlectrique (pour U 

^ " ' rf "^L'cT«ctridk4 eat fawnie par us tenerateur flectrigue SB. 

L»rtf^rr«x59d^gncuncc^nod«cooti«JedcropA«lion. 

De maniere dassique, Pentree da pdts ft forer est uutiatament same d'un 

cuvetagcSSO. 

Le trepan 1 est adapt* ft I'exlrfmite da tube 560, lequel est derouW du 
lambowrfceptew 55. support^ 101 
(roir figure 18). 

Ob precede alcn au rcrag« du trou.de foimeAage*3.deatindftiecevt»r 
le premier troocoB (figure 

Apitt niae eu pUce U Ditf ocne. cai^^ 
polyme^sstfieai injittde celled 
oq setiie te ccs^i ceatral (50). k Wte 

54 (vide) sur laqueUe eoul initial ement stoefcee la preTonuc (figure 20). 
UprtTcraeaetrottveabouteAdemad 

On deTait eaauile Us connexions kydraalique et dectrique avec la 
prtfonne, on imbdle eft on scdle de maniere douche antour de U tete dm pmta en 
KppajtflBagede ed-bnc A. ocri par uue tcdakruc cooveatMoaeUe (figure 21). 

A raide de I'outil de coupe 501, port! par le tube 5, oo decoupe lea 
raancboos d'etaocbelte' bast et bes(0gu»22>. 

L*e^survaatecc<aUte ft torer U sectioo wavante.pocrobtiaiirtta trou 

Bnai tA OB calibre kedjaraeacs et oa vcjifie I'slitnanect du troncon 2 et 
du trou 3. ft Taide d*un Icmanent spproprie" 1000 (Ti«ure 24), 

OornetenpiscEUDci^rdkpctfcrae(nftTax25). 
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On la fait deacendre dm le puiu, et on la podtioouc conveaafateraentdm 
le tnxi 3. On la conoecte «i tube 5. el on precede an goo/Up, &bdmeatation.eU la 
poly pfti n rio n (figure 26). 

On retire le ccoduit central 50, qv v on remonte et qu'on enroule sur le 
tambour recepceur 54 (figures 27 et 28). 

On impend 1'outi! de coupe 501 au tube 5. et on le demadpoorddoouper 
lei nanchons d'extrfmite* (Ague 29). 

On ofabcat ainri deux troncora rigkJei aboute*2A,2B (figure 30). 
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1. Proc&ie* poor forer ct cbemiaer un puits, notammew un puits de forage 
pltroljer, an moyen d'uu casemblc de tronoons Uibulaires - oa pre/onnra - similiirct, 
imtislemeni souplea, aptes a ttra replies loogitucfinakmeot sur eiles-memes pour toe 
innrxbakes dans le pun, pan a etre depliecs radialemcnt sous I'c/Tet d'ane presstan 
5 iaww pour prtodreune forme 

satioo de leur perot, I'eocoabrement ousversal d'one prefonne repUee e"tani de 
disaensioo maximale scaslblfment inferieure i aon diamctre interne a l'etat 66pbt\ el 
lesdftes preTonaes (4) possedaat one portion d'extremiu! (40) dont k diametre . aprts 
depUeacal - estlegerement superieura odul du restede la prtfonne; oe qui pcnaetUur 
10 Joacttoo bout-a-bout par rmhotumrnt avec recouvraneni de Unite portion d'extrcmitf 
(40), oatactfrisd par le fait que, na premier bosom (^ayamMnbaa place da efitfde 
ramee du puits, sa portion d'extreroJu* &*rpe (40) toumee vets le baa, 

a) on fait pascr arialement, de baut en fan a craven ledit troocon (2). un 
outilde forage (1), at oa fore aa-dessous et dans le prolonjemenl de ce tronoon (2) un 

15 &»0)de ferine etdeprofondew*^^ 
— v, b)c» retire I Wilde forage (1) ; 

^^J c) oa tniroduit une preTorme (4), a I'efcU itplift, a 1'uteneur du puits en la 

faiaant traverser le tronoon (2) deja en place, et oo la positiocne convccablemeat a 
Ilntaricur du trou 0), sa portion d 'extremis haute venant se placer a llnterleor de U 
20 pcrt&ond*e*fttfniilde1ai^(4ty 

d) oo intndoit on ciment flnde (6) au fond du trou (3), aulour de la 
portion d'ejiurtuilte' basse de la picTuunc i 

e) oa introduit un fluide sous pressioo (8), de densite* supeiieure a la 
densite* da dment (6), i 1'intennir de la prffonae (4) afia de la deplier ladudcment, 

25 p*ot^eaiiveinentdebuenhaut,enrefc^ 
de U prtTorroe, contre U parol du tnou (3) ; 

0 tout en inainttaant la preTortne sous pressioo interne, oa ea chaafTo la 
peroi pour la poryiaertser j 

g) le cisnent avast oris, et la preTorme ajant durd pour conitttuer un 
30 tronpm tuHHirr rlgr*" de (4T, ™ «t*k»««it les mtiMm$ta tyaat mvi 

aagonnageetaupotymeratta 

b) oa reltere I'operadoo pour les tronoons nrivanls, juaqu'a obtcnJV la 
longueur de puits chemise* souaaitee. 

2 . Proc&lc' scion icveadtoatton 1. caracterise par le fait qn'oa utilise un 
35 outil def«age(l)cUi genre trepan, apte 
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radiate, a avoir ua premier etat d'eacombtemeat miaimal, lui permcttant de passer a 
I'mtdrieurdu troofoo (2) deja ea place, on Mcodd <tat, d'eacombremeot tniermealaire, 
pour k forage de la pcruc prioctpaJe (30) du trou (3) et ua troisihDe e"uu, d'ertcorabremcnt 
maximal, pour le forage de la partie (31) du brw (3) de^i^iftcev«rU portion flirgic 
de la prtforme (4). 

3 . Pnoidi ad on U levcndkaaoo 1 ou 2, caractenaS par le fail qua Mat 
ou tillage oomprend uoe ttto (51) 4 double vtirt (52, S3) pUcee en partie basse de la 
prtforme (4). et apte a dbtribuer eelectivemetit un (hade de gonflage (8) a I'iatencur de la 
preTonoe(4)etondinetaftirfikC^artxte^ 

4 • las&dbaioa de forage el de cacmisasje, destioee a la mise ea oeuvre du 
proceoe' sdoa I'aae des rcrcadfcatloBi 1 ^SpCatactfrisdeparleiattijtt'elle cM i apra adVeii 
teteduputts: 

■ one bobiae (54) de ctockage et dc receptfoo, k V6m enrould. de tadite 

preTorme(4); 

- une teas (101) surplombaac 1'eatree (55) du puits, apte i permeate le 
gutdage et rintrodocdoo dans la puits de la preYorme (4) et des different* outUlages 
sematau forage du puiti ainsl qu'an BooflageetaUpdyindrima'oadeUr^orme: 

* des bobiaes (56, 57) de tiockage a Vim enrouM de tubes mdtalliquei 
eTasdq^emept detormabks (550, 5) aptes k Mm desceadre et mnonter lesdhs oaifllaaes 
daas le putts. I'ua (5) de ecs tabet coo tenant ua cable terraat k raliroentarion de la 
prtforme en oouium electriqua ; 

- an gcadrsteur de couraat eleetrfque (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 

57. According to the Invention, the lining of the well 
Is accomplished' by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement Is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 



[vertical text in left margin:] FR 2 741 907 - Al 



2796483 



PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms^ — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding— is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, arc withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 
the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 



2741907 

") 

3 

- spools for storing elasticalry deformablc metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

: - figures 1 to 4 are diagrammatic views, in axial cross section, showing the 

10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
Wc shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 



) 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 

In a first condition, illustrated in figure 1, the tool is fully retracted so that its 
largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 

When the tool has been axially lowered into the well through the casing 2 already 
in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fi in figure 1. 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place; 

As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 
enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 
reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 
diameter D of which is the same as that of 30. 

The preform 4, represented diagrammatically in figure 5, is of the same general 
type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 

Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 
sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 

As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 
distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 3 1 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 

A dose of liquid cement 6 is then injected at the base of the preform through the 
valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to— even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
1 0 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resiri wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1 994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. ' 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
110° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of . the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the scaling 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 
5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 
entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). • > 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 
extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 
sleeves (figure 29). 

J 10 Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 



2796483 



10 

CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms — that axe similar, initially flexible, suitable for being 

, folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 

5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding — is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 
20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 0 while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4 } ), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (3 1 ) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
15 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elasticaUy dcformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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